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The objective of this work was to provide a means of assessing the 
integrity of the bond between an elastomer and a metal when access is 
restricted to the metal side. Since the acoustic impedance of the metal 
was high, the acoustic reflectivity of the bond interface was nearly 
unity and varied but slightly between a good bond and a complete disbond. 
Consequently any acoustic inspection technique must accurately measure 
small changes in the acoustic signal. In addition extraneous variables 
such as transducer coupling and incidence angle must be either 
distinguished or eliminated. When an echo train from multiple backwall 
reflections was observed, the logarithmic decrement decreased but 
slightly when a disbond was encountered. Use of this signature for 
routine inspections would be very tedious and a more definitive 
indication is required. 
If spectral information is observed, the disband condition would be 
evidenced by a decreased linewidth and a greater resonance magnitude. 
However, since the linewidths are expected to be of the order of 10 to 20 
kHz, the conventional criteria ofATAF~1 would require a time window of 
100 microseconds, which is not practical for this sample. The more 
rigorous criteria, which accounts for the signal-to-noise is 
ATAF~ln (1+N/S), whereAT is the time window required for a measurement 
accuracy of AF in frequency and N/S is the noise-to-signal ratio. [1] 
Thus, if the signal-to-noise ratio is high, we can measure the frequency 
accurately with a modest time window. Note that this is similar to the 
correct expression, due to Shannon,[2] for the information content of a 
signal: I= TB ln (S/N), where I is the information content, Tis the 
time duration, and B is the bandwidth of the signal. 
TECHNIQUE AND RESULTS 
The approach presented here uses a technique called Time Delay 
Spectrometry (TDS).[3,4,4,6] TDS uses a swept frequency source and 
follows the received signal with a tracking filter. The tracking filter 
both discriminates against signals other than those with the desired 
time-of-flight and also provides the signal-to-noise enhancement of a 
narrow-band receiver. By using moderately slow sweep rates, a signal-
to-noise improvement equivalent to averaging over 100,000 pulsed signals 
can typically be provided in around 50 msl(7] 
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Since this TDS system used hetrodyne techniques, a fixed 
intermediate-frequency (i-f) filter determines the effective response of 
the tracking filter. The early arrival half of the response of this 
tracking filter is shown in Figure 1. Advantage is taken of this 
response to reduce the amplitude of the front wall signal to 
approximately that of the sum of the back-wall signals. Since the front-
wall and back-wall signals are of opposite polarity they subtract when 
mixed. Subsequent display on a logarithmic scale emphasizes the signals 
near the peaks since they are logarithms of small numbers. This 
technique makes small changes of linewidth easy to discern, as can be 
seen in Figure 2. When the TDS time acceptance window is adjusted to 
receive the back wall echoes alone, the linewidths are dominated by the 
filter response, making it hard to discern the changes due to bond 
condition. When the TDS time acceptance window is adjusted to provide 
partial front wall cancellation, the signals near the peaks are 
emphasized. 
Figure 3 shows the response of the system over the operational 
frequency range of the transducer, which is a 2.25 MHz, 0.5" unfocused 
lead metaniobate immersion transducer of the K-B Aerotech Alpha series. 
Except in the vicinity of the dips the signal represents the front 
surface reflection and, therefore, is the transducer response provided 
that the transducer is aligned for normal incidence to the front surface. 
This signal was maximized when aligning the transducer to be normal to 
the surface. The TDS time delay was first adjusted to maximize this 
signal and then subsequently advanced by a prescribed amount to optimize 
the use of the interference dips for bond evaluation. The procedure of 
aligning and adjusting the electronics observing the front surface 
reflection produced consistent results regardless of whether the 
alignment was performed on a bonded or an unbonded region. The dips are 
due to partial cancellation by the thickness mode resonances. Note that 
the signal-to-noise near the maximum of the transducer response is about 
50 dB. 
As indicated by the arrow in Figure 3, one of the dips near the 
maximum of the transducer response, which was about the fifth overtone of 
the thickness mode resonance of the metal, was expanded for analysis, as 
shown in Figure 4. Both the width and the depth of the resonance appear 
promising as bonding signatures. 
A simple hand-held probe, shown in Figure 5 was used to scan the 
water-filled sample. Data taken on several samples are shown in 
Figure 6. Both the resonance linewidth and the resonance magnitude 
provide good separation between the unhanded and bonded regions, 
including those where modelling clay was used as a substitute for this 
elastomer. 
The detectability of kissing bonds and of grease contaminated bonds 
was investigated, and the results shown in Table 1. Regardless of 
whether the width or depth of the dip is used as a criteria, the kissing 
bond appears close to a complete disband and the grease filled bond 
appears close to a good bond. This is because, once separated, the 
elastomer could not be forced back into the machine marks of the metal 
for these particular samples. On the other hand, the petroleum jelly 
provided a fairly good acoustic couplant, even in thick layers, as it 
closely approximates the acoustic impedance of this elastomer. These 
results for marginal bonds are not expected to apply to all systems. For 
example, if its surfaces were smoother or the elastomer underwent plastic 
deformation and relaxed at the pressures used, the kissing bond would 
have been harder to detect. Similarly, other techniques may allow 
detection of some kinds of grease contaminations. 
Since disbanding causes the dips to become both narrower and 
deeper, the signature may be made more pronounced by such processes as 
differentiation or high pass filtering. If so, the information of the 
unprocessed signal must still be available so that the front surface 
signal can be used for alignment. By appropriate filtering and addition 
the essential information of both could be provided on the same display 
trace, making for easy alignment and flaw identification by the operator. 
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from sample interfaces when optimally adjusted for the sweep 
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Fig. 2. Effect of time window adjustment on discrimination of bond 
condition. In (a) and (b) the time delay is adjusted to 
maximize the resonance peaks. In (c) and (d) the time delay is 
adjusted for partial cancellation of the peaks with the front 
wall reflection. In (a) and (c) the sample was unbonded. In 
(b) and (d) the sample was bonded. 
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Fig. 3. Response of system. 
a) Sample signature, arrow indicates dip later expanded for 
analysis. b) Noise, sample removed. 
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Fig. 4. Expanded display of one of the dips of the response. 
a) Bonded sample. b) Unbonded sample. 
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Hand held probe. a) Cross section of probe: the membrane is 
only needed if the sample cannot be filled with water. 
b) Inspecting a water-filled sample. 
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Fig. 6 . Data taken on several samples demonstrating distinguishability 
of bond condition in the presence of realistic data scatter. 
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a) Resonance linewidth measurements . b) Resonance magnitude 
measurements. 
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TABLE 1 
DETECTABILITY OF MARGINAL BONDS 
Undamped 
Kissing bond, light contact 
Kissing bond, heavy contact 
Grease filled, under tension 
Grease filled, heavy contact 
Clay damped 
CONCLUSIONS 
Linewidth 
kHz 
4.0 
3.0 
4.5 
10.0 
14.0 
12.5 
Dip Depth 
dB 
16.4 
17.5 
14.4 
9.6 
8.2 
8.8 
By appropriate manipulation of the processing, TDS can be used to 
detect small changes in reflectivity for the assessment of the bond 
between elastomers and materials of high acoustic impedance, with access 
to the elastomer side not being required. Both the width of the 
resonance and the magnitude were good bonding signatures, as evidenced by 
measurements in several samples. For these particular samples kissing 
bonds were detectable, but grease contaminate bonds were not, although 
such conclusions certainly do not apply to all bonding systems. These 
results will be discussed in more detail elsewhere.[8) 
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